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What are Surrogates?

• Use of Charged Particle Reactions to Simulate Neutron
   Induced Reactions

Why Surrogates?

• Neutron Measurements are Always Difficult

• Low Beam Intensities Require Thick Targets

• Radioactive Materials ξ Thick Targets

• Reactions on Off Stability Species Needed

- Astrophysics

- National Security Programs

- Nuclear Waste Transmutation







Radchem Reactions on Y



Y(n,2n) Reactions



Y(n,p) Reactions









Pf → σ(n,f)



Experimental Configuration



σCN Choices



(n,f) Surrogate Eqn
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91Nb* Energy Windows



91Nb*→p



92Mo(t,α)p Angular Dependence
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Exp. Setup for p+n Measurements



91Zr+p → 92Nb*→n+p



91Zr+p → 92Nb*→n+p
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“Future Plans” circa 1978



 Surrogates in the 21st Century

• Simple Reactions on Exotic Targets
– Astrophysics
– National Nuclear Security
– Transmutation

• RIA
– Inverse kinematics with radioactive beams
– Gas targets (H,D,T,3He,4He,…)
– “4π” detectors (charged particles, neutrons, gammas)



Physics Needs

• Modeling/Theory
– Angular Momentum Modeling
– Preequilibrium - Reaction Dependent
– Breakup Effects (especially on D)

• Experimental
– Inverse kinematics on few body targets
– Develop counter arrays for RIA
– Preequilibrium angular momentum effects


